Paragangliomas are neoplastic proliferations of extra-adrenal paraganglionic cells and belong to the neuroendocrine tumor family. 4,8 Paraganglion cells embryologically arise from the neural crest ectoderm and are distributed segmentally and symmetrically along the longitudinal axis of the body as minute aggregates. 4 Based on the anatomical distribution, innervation, and microscopic structure, the paraganglion system is divided into 2 main groups: the adrenal medulla and the extra-adrenal paraganglia. The extra-adrenal paraganglia are classified into 4 subgroups: 1) branchiomeric, which includes aortic and carotid bodies; 2) intravagal, located along the vagus nerve; 3) aortico-sympathetic, located mainly in the retroperitoneal area; and 4) visceral-autonomic, found in visceral organs such as urinary bladder, gall bladder, and peripheral blood vessels. 4 Paraganglion cells act as chemoreceptors or sympathetic function regulators, but the exact function of the intravagal and visceral-autonomic paraganglionic systems is not well understood. 4 Ultrastructurally, paraganglion cells contain cytoplasmic membrane-bound electron-dense granules 100-200 nm in diameter. 10 The neurosecretory granules contain bioactive amines or other neurotransmitters. Only a few cases of branchiomeric paraganglioma (chemodectoma) have been reported in cows. 1, 15, 18 No cases of a paraganglioma originating from the extra-branchiomeric group have been reported previously in bovine species.
Paragangliomas are neoplastic proliferations of extra-adrenal paraganglionic cells and belong to the neuroendocrine tumor family. 4, 8 Paraganglion cells embryologically arise from the neural crest ectoderm and are distributed segmentally and symmetrically along the longitudinal axis of the body as minute aggregates. 4 Based on the anatomical distribution, innervation, and microscopic structure, the paraganglion system is divided into 2 main groups: the adrenal medulla and the extra-adrenal paraganglia. The extra-adrenal paraganglia are classified into 4 subgroups: 1) branchiomeric, which includes aortic and carotid bodies; 2) intravagal, located along the vagus nerve; 3) aortico-sympathetic, located mainly in the retroperitoneal area; and 4) visceral-autonomic, found in visceral organs such as urinary bladder, gall bladder, and peripheral blood vessels. 4 Paraganglion cells act as chemoreceptors or sympathetic function regulators, but the exact function of the intravagal and visceral-autonomic paraganglionic systems is not well understood. 4 Ultrastructurally, paraganglion cells contain cytoplasmic membrane-bound electron-dense granules 100-200 nm in diameter. 10 The neurosecretory granules contain bioactive amines or other neurotransmitters. Only a few cases of branchiomeric paraganglioma (chemodectoma) have been reported in cows. 1, 15, 18 No cases of a paraganglioma originating from the extra-branchiomeric group have been reported previously in bovine species.
A 6-year-old intact female Hereford in good nutritional condition had reduced function of the forelimbs and posterior limb paralysis for about 6 days. During that time, she was lying flat on her side with forelimbs extended and was unable to right herself to a sternal position. Bovine spinal lymphosarcoma was suspected by the referring veterinarian, and the cow was euthanized due to a poor prognosis.
The cow was submitted to the Louisiana Veterinary Medical Diagnostic Laboratory for postmortem examination. At necropsy, the external examination revealed a 3-cm decubital ulcer over the right tuber ischii with an area of necrosis in the underlying musculature. A 2-× 4-cm firm extradural gray mass was found within the vertebral canal adhered to the dorsal aspect of the body of the sixth cervical vertebra. Although compression of the left ventrolateral aspect of the spinal cord was present, the spinal cord did not appear to be invaded by the mass.
Tissue samples from the tumor mass and representative organs were fixed in 10% phosphate-buffered formalin, routinely processed, and stained with hematoxylin and eosin From the Department of Veterinary Pathology (Kim, Hodgin, Lopez, Camus) Received for publication July 2, 1993.
(HE) for light microscopic examination. Replicate sections from the tumor mass were also stained with Gömöri's reticulum, Churukian, and Fontana-Masson argyrophilic methods. For immunohistochemistry, spinal cord sections were dewaxed with xylene and processed through a series of alcohols. The sections were stained for neuron-specific enolase (NSE), S-100 protein, and cytokeratin (AE1/AE3) proteins using commercially available antibodies for NSE, a S-100, b and cytokeratin b and standard streptavidin-biotin immunoperoxidase staining kits. b,c Bovine adrenal gland (NSE), peripheral nerve (S-100), and skin (cytokeratin) were used as positive controls. For negative controls, normal rabbit (NSE, S-100) and mouse (cytokeratin) sera were substituted for the primary antibody. The paraffin block containing the tumor mass was excised, deparaffinized in xylene, hydrated through graded alcohols, and reprocessed for electron microscopy. 17 Histologically, the tumor mass was encapsulated and consisted of a sheet of round to polygonal cells subdivided by thin fibrovascular septa into packets or nests of tumor cells (Fig. 1) . The tumor pattern is often referred to as either lobular, alveolar, or endocrine in nature. Occasional central areas of the tumor nests were necrotic. The tumor cells had a moderate to large amount of eosinophilic granular cytoplasm and a round to oval centrally located nucleus with illdefined cytoplasmic membranes. The chromatin was evenly distributed, and a single prominent nucleolus was present. Multinucleated tumor giant cells were also occasionally present among the tumor cells and in the fibrovascular septa ( Fig.  1 ). There were 2 or 3 mitotic figures per high power field (400 × ). In the spinal cord, the area of compressed white matter had mild to severe axonal swelling, spheroid formation, and vacuolation of myelin sheaths. There was compression and distortion of the left ventral horn of spinal gray matter at the level of C6. No neoplastic foci were found in lung, liver, kidney, heart, spleen, lymph node, and intestine.
Gömöri's reticulum stain revealed a characteristic endocrine pattern. Both Churukian and Fontana-Masson stains failed to demonstrate the cytoplasmic argyrophilic granules.
Immunohistochemical staining of tumor cells was strongly positive for NSE; the staining was diffuse throughout the cytoplasm of the tumor cells with minimal background staining (Fig. 2) . The tumor cells failed to stain for both S-100 and cytokeratin antigens. Multinucleated tumor giant cells did not stain for NSE, S-100, or cytokeratin. Although the tissue was very poorly preserved, electron microscopic examination revealed occasional tumor cells containing a few neurosecretory type granules in the cytoplasm (Fig. 3) . The granules were round, membrane-bound, dense, and 250-400 nm in diameter.
Diagnosis of the paraganglioma of the vertebral canal was made based on histopathologic features, reticulum and immunohistochemical stains, and demonstration of the neurosecretory granules. The paraganglion is composed of 2 functionally and structurally distinct cell types. 5, 8 The chief (type I) cells are derived from neuroectoderm and contain neurosecretory granules, whereas, the sustentacular (type II) cells are closely related to satellite cells of the autonomic ganglion and lack neurosecretory granules. 8 In human paragangliomas, the chief cells are immunohistochemically positive for NSE, chromogranin, and leuenkaphalin, whereas the sustentacular cells are positive for S-100 and glial fibrillary acidic protein. 8 Neuroendocrine tumors can be divided into neural neuroendocrine tumor (NNT) and epithelial neuroendocrine tumors (ENT) by cytokeratin immunohistochemistry (Fig. 4) . 5 Epithelial neuroendocrine tumors express cytokeratin and desmoplakin; NNT do not. 5, 6 Examples of ENT are carcinoids, neuroendocrine tumors of gastrointestinal and bronchopulmonary systems, islet cell tumors, and medullary tumors of the thyroid. 5 Examples of NNT are paraganglioma, pheochromocytoma, neuroblastoma, and ganglioneuroma. 5 The diffuse staining for NSE and negative staining for S-100 suggest that this tumor is derived purely from chief cells. Negative staining of the tumor cells for cytokeratin indicates that this tumor is an NNT.
The presence of multinucleated tumor giant cells is not a common finding in the paragangliomas reported in domestic animals. The multinucleated giant cells in this case did not stain for NSE, S-100, or cytokeratin. Anaplastic or multinucleated giant cells in more undifferentiated human paragangliomas often show weak or absent of immunostaining for NSE. 2 In humans, multinucleated cells are occasionally found in ischemic regions. 8 The tumor in this cow was located within the vertebral canal but was extradural. In humans, paragangliomas within the vertebral canal are usually the result of extension of primary paraspinal or retroperitoneal tumors, but development of primary spinal cord/vertebral canal paragangliomas has been reported. 3, 11, 13, 16 A mong the primary intraspinal paragangliomas reported, all except four were found in the cauda equina. 11, 13 The remaining 4 were found in the thoracic spine. 3, 16 All paragangliomas in cauda equina and 1 in thoracic spine were located intradurally; the remaining 3 thoracic paragangliomas were found epidurally. 3, 11, 13, 16 No primary spinal cord/vertebral canal paraganglioma has been reported in the cervical region.
Only 2 cases of paragangliomas involving the vertebral canal have been reported in dogs. 9, 12 In these cases, primary extra(para)vertebral masses invaded the vertebral canal along the nerve root, causing compression of the spinal cord.
The tumor in this cow appears to be the first case of a primary epidural spinal paraganglioma reported in animals. The neoplastic cells are thought to be derived from paraganglionic cells of the visceral-autonomic group, which preexist as isolated foci scattered throughout the central nervous system or associated blood vessels. 7 However, it is possible that a primary paraspinal mass (visceral-autonomic group) was overlooked and the intraspinal mass was the result of extension of a primary mass into the vertebral canal. Distant metastases from NNT paragangliomas of branchiomeric, intravagal, or aortico-sympathetic origin are unlikely because no tumor mass was found in corresponding areas examined nor were other metastatic lesions found.
Bovine lymphosarcomas account for most of the neoplasms occurring in the vertebral cana1. 14 Although rare, paraganglioma should be included in the differential diagnoses of spinal neoplasia in cattle. Clinically, paresis and paralysis of this cow was due to the presence of a paraganultrastructure, immunohistology, and molecular biology of exglioma compressing the spinal cord at the level of the sixth tra-adrenal paragangliomas. Arch Pathol Lab Med 113:1209cervical vertebra.
Valley of California, attributed to ingestion of Tribulus terrestris, is reported here.
The flock of registered California Red sheep consisted of 6 ewes 2-6 years old, a 2-year-old ram, and several lambs 2-3 months of age. The entire flock was affected except for the nursing lambs and 2 of the older ewes. Blackface market lambs on the same farm, but penned separately, were unaffected. Physical examination revealed icterus, photosensitization, and hemoglobinuria. Based on the clinical findings and restriction of disease to adults, the etiologic agent was thought to be an environmental toxin acquired through grazing.
The California Red group grazed in a 3-acre orchard and were provided steer feed as a concentrate supplement. Samples of water, soil, and grain were screened for heavy metals, including arsenic, molybdenum, zinc, lead, cadmium, iron,
